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CONTROL SYSTEM AND METHOD FOR INTERNAL COMBUSTION ENGINE 

HAVING VARIABLE VALVE ACTUAnON SYSTEM i 
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5 INCORPORA-nON BY REFERJENCE 
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[0001] The disclosure of Japanese Patent Application No. 2002-281024 filed 
on S^tember 26, 2002^ including the specification, drawings and abstract is 
incoxporated h^ein by reference in its ratirety. 
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BACKGROUND OF THE INVENTION 

1 Field of the Invention 

{0002] Tl^ invention relates to control system and method for an internal 
1 5 combustion engine having a variable valve actuation system. 

■ 

2. Description of the Related Art 

s 

[0003] Hiere is a known internal combustion engine having a variable valve 
actuation system that controls tibe amount of intake air by changing the open valve 

2 0 duration of the intake valves while keeping the throttle valve fuUy open so as to avoid 
pumping loss* In oxdex to accurately control the amount of intake air in such an 
int^T^ combustion engine, the control insmiction value for controlling the open valve 
duration of the intake valves needs to accurately correspond to the amoxuit of intake air. 
lb this end, a lelated-axt technology holds the throttle valve at a set degree of opening, 

2 5 and changes the open valve duration of the intake valves on the basis of the control 

instruction value, and corrects the ref^nce control instruction value on the basis of the 
negative pressure that occurs in the intake pipe (e.g., see Japanese Patent Application 
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Laid-open Publication No. 6-317129). 

[0004] According to the related-ait techncdogy, it is oonsidei^ that the 
reference control instruction value is corrected on the basis of the intake pipe negative 
pressure that coiresponds to the actual amount of intake air, and therefore diat if the 
5 thus-coirected control instruction value is used as a basis for the control of the open 
valve duration of the intake valves, the amount of intake air can be accurately 
controlled. 

[0005] in the related-art technology, the throttle valve does not cooperate with 
on an accelerator pedal, but the degree of opening of the throttle valve can be freely 

1 0 adjustable. As for this type of tfarotde valve, however, tlie actual degree of throttle 
valve <^ning fixed for correction of the reference control insuucdon value may be 
different from the set degree of opming. In such a case, the reference control 
instruction value cannot be accurately CQuected, since the intake pipe negative pressure 
gieatly changes depending on the degree of throttle valve opening as well. As a result, 

a 5 the control of the amount of intake air becomes inaccurate. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the invention to en Ale accurate control 
2 0 of the amount of intake air in an internal combustion engine having a variable valve 
actuation system in which a throttle valve whose degree of opening is adjustable is 
provided, and an amount of intake air is controlled by changing the degree of opening of 
the throttle valve and changing at least one of the open valve duration of an intake valve 
and the amount of lift of the intake valve via the variable valve actuation system. 
2 5 [0007] An aspect of the invention provides a control method for an internal 

combustion engine having (i) a throttle valve whose degree of opening is adjustable, and 
(i^ a variable valve actuation system which includes an intake vaWe and enables the 




degree of opening of the intake valve to be variably changed, where an amount of intake 
air is controlled by changing at least one of an open valve duration of the intake valve 
and an amount of lift of the intake valve based on a pre-set variable valve control value 
and by changing the degree of opening of the throttle valve based on a pre-set throttle 
valve control value in accordance with a state of operation of the engine. The control 
method is characterized as follows. That is, if during a specific steady operation state, 
an actual intake pipe pinessure is different tcoxa a target intake pipe pressure set dariug 
the specific steady openadon state, a first conection amount for one of the throttle valve 
control value and the variable valve control value is calculated by changing the one of 
the throttle valve control value and the variable valve control value so that the actual 
intake pipe pressure becomes equal to the target intake pipe pressuie. If at this txnne the 
actual amount of intake air is stiU different from a target amount of intake air set during 
the specific steady operation state^ a second correction amount for another one of the 
throttle valve control value and the variable valve control value is calculated by 
cfaan^g the another one of the throttle valve control value arid the variable valve 
control value so that the actual amount of intake air becomes equal to the taiset amount 
of intake air. The second correction amount is used to further conect the one of the 
throttle valve control value and the variable valve control value corrected by the first 
correction amount, 

[0008] In a preferred form of the above-described control metihod, the first 
coirection amount and the second correction amount are updated. 

[0009] In a another preferred form of the above-described control method, it 
is detmnined that the throttle valve or the variable valve actuation system has a fault, if 
the first coirecdon amount is outside a threshold value range or if die second correction 
amount is outside a threshold value range. 

[0010] Another aspect of the invention provides a control S3^em fcH- an 
internal combustion engine, which includes (i) a throttle valve whose degree of 



4 



opening is adjustable, (ii) a variable valve actuatiOD system that includes an intake 
valve and enables the degree of opening of the intake valve to be variably dumgcd; 
and (ill) a controller that controls an amount of intake air by changing at least one of 
an open valve duration of the intake valve and an amount of lift of the intake valve 
5 based on a pre-set variable valve control value and by changing the degree of opening 
of the tiirottle valve based on a p^-set throttle valve control value in accordance with 
a state of operation of the engine. According to this system, if during a specific ! 

I 
I 

steady operation state, an actual intake pipe pressure is different from a target intake 
pipe pressure set during the specific steady operation state, the controller calculates a 
1 0 first cojTeciion amount for one of the throttle valve control value and the variable 
valve control value by changing the one of the throtde valve control value and the 
variable valve control value so that the actual intake pipe pressure becomes equal to 
the target intake pipe pressure* At this timep if the actual amount of intake air is 
different irom a taiget amount of intake air set during the specific steady operation 
1 5 state, the controller calculates a second correction amount for another one of the 
throttle valve control value and the variable valve control value by changing the 
another one of the throttle valve control value and the variable valve control value so 
that the actual amount of intake air becomes equal to the target amount of intake air. 
Also, the controller uses the second correction amount to Anther correct the one of 
2 0 the throttle valve control value and the variable valve control value corrected by the 
first correction amounL 

[001 1] In a imefenred form of the above-described control system, tbe 
controUer is adi^ned to update the first correction amount and the second cotiecticHi 
amount 

2 5 [001 2] In another preferred form of the above-described control system, the 

controller is adapted to determine that the throttle valve or die variable valve actuation 
system has a fault, if the first correction amount is outside a threshold value range or if 
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the second coirectioxi amount is outside a threshold value range. 

[0013] In a preferred fonn of the above-described control system, the 
controller is adapted to, if the first correction amount is outside a threshold value range 
or if the second correction amount is outside a threshold value range, cdxecl the degree 
5 of opening of the throttle valve or at least one of tiie open valve duration of the intake 
valve and the amount of lift of the intake valve with a guard such ^t the first or second 
correction amount calculated at this time will not become outside a threshold value 
lange that is narrower than the threshold value range used for the fault determination. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] The foregoing and/or further objects, features and advantages of the 
invention will become more apparent from the following description of prefened 
embodiments with reference to the accoiiq>anying drawings, in which like numerals are 
1 5 used to represent like elements and wherein: 

FIG 1 is a schematic sectional view of an internal combustion engine having a 
variable valve actuation system to which control system and method according to one 
embodimem of the invention are appliec^ 

FIG 2 is a time chart indicating the amounts of lift of an exhaust valve and an 

2 0 intake valve; 

FIG 3 is a portion of a flowchart illustrating a process for controlling die 
amount of intake air; 

FIG 4 is the rest of the flowchart illustrating the process for controlling the 
amount of intake air; 

2 5 FIG 5 shows a first map for determining a target open valve duration of the 

intake valve; and 

FIG 6 shows a second map for determining a target degree of opening of a 
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chrotde valve. 

DETAILED DESCRDPTION OF PREFERRED EMBODIMENTS 

5 [0015] HCL 1 is a schematic sectional view of an internal combustion engine 

having a variable valve actuation system to which control system and method according 
to the invention aie applied, Refening to FIG 1 , an intake port 1 and an exhaust port 2 
communicate with the interior of a cylinder via an intake valve 3 and an exhaust valve 4, 
respectively. A piston 5 is provided in the cylinder. An ignition plug 6 is disposed 
1 0 substantially at a center of an upper portion of the cylinder. A faeH injection valve 7 is 
provided in an upper peripheral portion of the cylinder so as to inject fuel directly into 
the cylinder, 

[0016] A common surige tank 8 for all the cylindm is connected to the intake 
port 1 of each cylinder via an intake pipe 9. An intake passageway 10 extending 

1 5 upstream of the smge tank 8 is provided with a throttle valve 11. The dirottle valve 11 
is not a type of throttle valve that cooperates with an acceleorator pedal, but a type of 
throttle valve whose degree of opening is j6nBcly adjustable via a drive device sucb as a 
stepping motor or the like, A pressure sensor 12 is disposed downstream off the throttle 
valve 11 so as to detect the pressure in the surge tank 8. Forthennore, an air flow 

2 0 meter (not shown) for detecting the amount of intake air is disposed in the intake 
passageway 10 upstream of the throttle valve 11. 

[00173 The operation of the injection valve 7, the throttle valve 11, the intake 
and exhaust valves 3, 4 is controlled by an ECU 20. The ECU 20 includes a CPU, as 
its main component, ROM, RAM, signal input port, signal output port, etc., which are 

2 5 all connected via a bidirectional bus, and is thus formed as a computer. 

[001 8] The fuel injection valve 7 is designed so tiiat fuel can be injected into 
the cylinder during the intake stroke so as to form a homogeneous mixture in the 



cylinder and therefore accomplish homogeneous combustioxi* For the homogeneous 
combustion, the fuel injection valve 7 injects fuel diiectly into the cylinder, so that 
injected fuel is leliably supplied into the cylinder. Thmfoie, the amount of fuel 
injected can be minimized. The fuel injection valve 7 may instead be disposed in the 
intake pipe 9, in order to accomplish homogeneous combustion. 

[(X}I9] lb accomplish homogeneous combustion, the amount of intake air is 
controUed to a tai^et amount of intake air corresponding to the state of operation of the 
engine. Fuel is injected in an amount that, togethcar with the target amount of intake air, 
will achieve a desired air-fuel ratio in accordance with the state of operation Of the 
engine- The state of opesration of the engine is niainly detecmined by the amount of 
depression of the accelerator pedal and the engine rotation speed. The target amount of 
Intake air is set so as to increase in accordance with the state of operation of the engine^ 
that is, with increases in the amount of depression of die accelerator pedal, or with 
increases in the engine rotation speed. In general, the amount of intake air is controlled 
dirough the use of the throttle valve 1 1 alone. For example, if the degree of opening of 
the throttle valve 11 becomes small during a low-load engine operation, the downstream 
side of the throttle valve 1 ] has a lelad vely great negative pressure, so that a pumping 
loss occurs aTid therefore the fuel economy diminishes. 

[0020] In this embodiment, however, the amount of intake air is controlled 
through die control of the open valve duration of the intake valve 3 in addition to the 
control of the degree of opening of the throttle valve 1 1 . Therefore, the degree of 
opening of the throttle valve 1 1 does not become very small even during low4oad 
engine operation. Thus, the pumping loss is mitigated. 

[0021] It is also concdvable to always keep the throttle valve 1 1 fully open 
and control the amount of intake air on the basis of the open valve duration of die intake 
valve 3 alone. Howevo; injected fuel more readily vaporizes in die case where the 
pressure at die downstream side of the throtUe valve 1 1 is set slightly below the 
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atmospheric pressure so as to provide negative pressure in the cylindeor. In that case, 
therefoxe, good homogeneous combustion is leahzed and therefore ftiel economy 
improves. 

(0022] In the embodiment, the intake valve 3 and the exhaust valve 4 are 
opened and closed by electromagnetic actuators 3 a and respectively, so thai the 
opening and closing timings of the valves can be hrecly changed. FIG: 2 is a time chart 
indicating the amounts of lift of the exhaust valve and the intake valve. In this time 
chart, the exhaust valve 4 is opened immediately prior to the expansion bottom dead 
cent^ BDCl, and is closed immediately following the exhaust top dead center TDC. 
The intake valve 3, when the largest amount of intake air is targeted^ is opened 
immediately prior to the exhaust top dead center TDC^ and is closed immediately 
following the intake bottom dead center BDC2 as indicated by a solid line in FIQ 2. 
For decreased taiget amounts of intake air, the opening timing of the intake valve 3 is 
gradually retarded toward the exhaust top dead center TDC as indicated by a dashed line, 
and the closing timing of the intake valve 3 is gradually advanced toward the exhaust 
top dead center TDC as indicated by a dashed line and a one-dot chain line. By 
shortening the open valve duration of the intake valve 3 in this maimer, the amount of 
intake air can be reduced. 

[0023] FIG 5 shows a first map indicating the taiget open valve duration At 
of the intake valve 3 determined by the engine rotation speed Ne and the target intake 
pipe pressure Pt that is set progressively higher with increases in the target amount of 
intake air Qt separately for various engine rotation speeds Ne. FIG 6 shows a second 
map indicating the target degree of opening Bt of the throttle valve II detmnined by the 
target intake pipe pressure Pt and the engine rotation speed Ne. 

[0024] If the target open valve duration At of the intake valve 3 is achieved by 
a control instruction value for the target open valve duration At which is given to the 
electronic actuator 3a, and if the taigel degree of opening Bt of the throttle valve 1 1 is 
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achieved by a control instruction value for the target degree of opening Bt which is 
given to the throttle valve drive device, the intake pipe pressure can be brought to a 
desired n^ative pressure (target intake pipe pressure Pt) ccMnesponding to the state of 
eiigine operation^ and a desired amount of intake air (tai^et amount of intake air Qt) can 
5 be supplied into the cylinder. Therefore, good homogeneous combustion can be 
accoxnplished without causing great pumping loss, and the fuel consumption can be 
mixurnized. Howev«; in some cases, the control instnidion value detemiined for die 
target open valve duration At cannot achieve the target open valve duration At of the 
intake valve 3, or the control instruction value detennined for the target degicee of 
1 0 opening Bt cannot achieve the target degree of opening Bt of the throttle valve 11. In 
such cases, the cylinder is not supplied with a desired amount of intake air, so that an 
intended state of engine operation cannot be brought about and the fuel economy 
diminishes. 

[0025] According to the embodiment, is order to ensure the supply of desired 
1 3 amount of intake air into the cylinder and therefore minimize the fuel consumptiony a 
control of the open valve duration of the intake valve 3 and a control of the degree of 
opening of the throttle valve 1 1 are executed as illustrated by the flowchart shown in 
FIGS. 3 and 4. First in step 101, the engine rotation speed Ne is detected, and a target 
intake pipe pressure Pi is det^mined on the basis of the engine rotation speed Ne and 
2 0 the target amount of intake air Qt determined from the engine rotation speed Ne and the 
amount of depression of the accel^tor pedal. Subsequcndy in step 102, a target open 
valve duration At of the intake valve 3 is determined £rom the engine rotation speed Ne 
and the taiget intake pipe pressure Pt with reference to die first map shown in FIG 5. 
Subsequently in step 103, the control instruction value a for the electronic actuator 3a of 
2 S the intake valve 3 which is initially set with respect to the target open valve duration At 
is corrected by multiplication by a second correction factor k2, and die ccnrrected control 
instruction value is used to operate the electronic actuator 3a. The second cotrection 
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factor k2 is calculated in a step described below, and is initially set at ''1". 

[0026] Subsequently in step 104, a target degree of opemng Bt of the throtae 
vaJve 11 is detennined fironi the engine rotation speed Ne and die target intake pipe 
pressuie Pt with lefejence to the second map shown in HGL 6. In step 1Q5, the control 
instruction value b for the throtde valve drive device which is initially set with respect 
to the taiiget degree of opening Bt is corrected by multiphcation by a first coirection 
factor kl and the aforeiQentioned second correction factor k2y and the thus-corrected 
control instruction value is used to operate the drive device of the throttle valve 11. 

[0027] If the initially set control instruction value a for the electronic actuator 
3a and the initially set control instruction value b for the throtde valve drive device will 
achieve the target open valve duration At of the intake valve 3 and the target degree of 
opening Bt of the throtde valve 11, it is appropriate that the first correction factor kl and 
the second correction factor k2 be ^1", that is, there is no need to correct the control 
instruction values a, b. However^ if the target open valve duration At of the intake 
valve 3 and the taiget degree of opening Bt of the throttle valve 1 1 are not reached, the 
target intake pipe pressure Pt will not be achieved, so that the taiget amount of intake air 

« 

Qt will not be supplied into the cylinder. 

[0028] In step 106 in the flowchart, it is detomined whether the present state 
of engine operation is a specific steady state. If the present engine opieration state is 
the specific steady state, it is then determined in step 107 whether the target intake pipe 
pressure Pt has been reached. The specific steady state noay be any steady operation 
state of the engine where the amount of intake air is stable. The determination at step 
107 is made by determining whether the pressure P in the suige tank 8 detected by the 
pressure sensor 12 is substantially equal to the tazget intake pipe pressure PL 
Specifically, it is detennined whether a deviation between the target intake pipe pressure 
Pt and the pressine P in the suige tank 8 detected by the pressure sensor 12 is less than a 
set value. If the determination is afEbnooatively made, the correction of the correction 
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instruction values b is unnecessaiy» and the process imniediatdiy ends. Conversely, 
if the aforementioned deviation is greatra- than or equal to the set value and ttierefore it 
is determined that the actual pressure P in the sui^ge tank 8 is apparently unequal to the 
target intake pipe pressure Pt» the process proceeds to step 108, 
5 [0029] In step 108» the degree of opening of the throttle valve 11 is adjusted 

so that the pressure P in the surge tank 8 becomes equal to the target intake pipe pressure 
Pt, that is, so that the deviation between the pressure P and the target intake pipe 
pressure Pt becomes less than the set value. The control instruction value 2^ ' for the 
throttle valve drive device at the tixue of completion of the adjustment is determined. 

1 0 Subsequently in step 109, the control instruction value b ' is divided by the initial control 

instruction value b to determine the first correction factor kl . 

[0030] If the taiget amount of intake air Qt should be supplied into the 
cylinder after this correction of the degree of opening of the throttle valve 1 1» it will turn 
out that only the control instruction value for the drive device of the throttle valve 11 
1 5 has deviated. Therefore^ it is det^mined in step 1 10 whether the amount of intake air 
Q detected by the air flow meter is substantially equal to the target amount of intake air 
Qt. Specifically, it is determined whether a deviation between the amount of intake an- 
Q detected by the air flow meter and the target amount of intake air Qt is less than a set 
value. If the determination is a£Brmatively made, only the first correction factor kl is 

2 0 corrected (step 109), and then the process ends. 

[0031] Conversely, if the determination at stqp 1 10 is negatively made, it 
turns out that the target open valve divation At of the intake valve 3 has not exactly been 
reached. Therefore, in stqp 111, the open valve duration of the intake valve 3 is 
changed and adjusted so that the actual amount of intake air Q becomes equal to the 
2 5 target amount of intake air Qt, that is, so that the deviation between the amount of intake 
air Q and the target amount of intake air Qt becomes less than the set value. The 
control instruction value a ' for the electronic acmator 3a at the lime of conviction of the 



adjustment is determined. Subsequently in.stcp 1 12» tliis control instruction value a ' is 
divided by the jnjdal control instruction value a to deteouine the second correction 
factor k2. 

[0032] Subsequently in step 1 13, it is determined whether at least one of the 
first collection factor Jcl and the second collection factor k2 is within a threshold value 
range (a to p). If the determination is afBrmatively made, the process immediately 
ends. Conversely, if the detmnination at step 1 13 is negatively made, it is considered 
that at least one of the electronic actuator 3a (i.e., a variable valve actuation device of 
the intake valve 3), the intake valve 3 itself, the drive device of die throtde valve 11, and 
the throttle valve 1 1 itself has an abnormality, and needs repair. Then in step 114, the 
existence of an abnormality is determined, and is indicated to a driver or the like via a 
lanqp or the like. 

[0033] According to the flowchart, in the case where the target intake pipe 
pressure Pt has not been reached due to deviation of only the control instruction value 
for the electronic actuator 3a, the degree of opening of the throttle valve 11 is also 
changed although ^e target degree of opening Bt has been reached. However, even 
though the fxrsi correction factor ki for the control instruction value b fox the throttle 
valve 11 is calculated, the initial control instruction value b for the throttle valve 11 will 
not be xmnecessarily corrected since the correction of the control instniction value b is 
performed on the basis of not only the first correction factor kl but also the second 
correction iactor k2 for the control instruction value a for the intake valve 3. 

[0034] For exanq>lc, if the actual open valve doration of the intake valve 3 is 
shorter than the target open valve duration At and the actual intake pipe pressure P is 
higher than the target intake pipe pressure Ft, the degree of opening of die throttle valve 
11 is corrected by the iirst connection factor kl being less than to a degree that j$ 
smaller than the target degree of opening Bt However, in this case, ^ce the actual 
amount of intake air Q is less than the target amount of intake air Qt, the open valve 
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duration of the intake valve 3 is corrected to an increased dmation, and thus the second 
correction factor k2 is greater than " r *. Therefore, if the control instruction value b for 
the throttle valve 11 is coixected by multiplication by the first conection factor kl and 
the second coirBcticm factor k2, unnecessary correction will not result. 

5 [0035) It is to be noted that when the second correction fector k2 is initially 

calculated, the second correction factor k2 has a value that changes the open valve 
duration of the intake valve 3 so as to achieve the target amount of intake air Qt while 
die target degree of opening Bt of the throttle valve 1 1 has not been reached, and thus 
does not have an appropriate value. However, if the calculation of the first correction 

0 factor kl and the second coirection factor k2 is performed repeatedly while the specific 
steady state remains, the first coirection factor kl and the second conection factor k2 
gradually 29)proach appropriate values. 

[0036] For example, if, in the above-described case, the process illustrated by 
the flowchart of FIGS. 3 and 4 is rqpeated. the determination at step 107 is negatively 

5 made since die actual degree of opening of the dirotde valve 11 has been less dian the 
target degree of opening Bt and therefore the actual intake pipe pressure P is lower than 
the target intake pipe pressure Pt. Hierefore, in order to increase the degree of opraing 
of the throtdc valve 11, the first correction factor kl, made smaller than "1" in the 
previous cycle of the routine, is increased toward Therefore, the actual amount of 

0 intake air Q becomes greater than the target amount of intake air Qt, so that die 
determinatioxx at step 110 is negatively made. Furthermore, the second coirection 
factor k2, set greater than "1'* in the previous cycle, is reduced toward so as to 
shorten the open valve duration of the intake valve 3. As tins process is cyclically 
performed, the first correction factor kl and the second correction factor k2 come to 

5 assume appropriate values. During this process, the target amount of intake air Qt is 
always reached. Th«efare, an unintended state of operation is not realized. Thus, in 
order to set the first correction factor kl and the second correction factor k2 at 
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appropriate values, it is nccessazy that the specific steady state continue for some time. 

[0037] Thus, according to the above-described embodiment, eveiy time the 
engine Is operated in the speciJQc steady state, the first correction factor kl and the 
second correction factor k2 are updated. These conection factors are also used during 
5 states of engine operation other than the specific steady state, as indicated in st^s 101 
to 105, so that during various states of operation, the target intake pipe pressure can be 
reached and therefore a desired amount of intake air can be supplied into the cylinder. 
Practically, the first correction factor kl and the second correction factor k2 are not very 
frequently changed. Therefore, the calculation int^val may be increased so that, fca 

1 0 example, the first correction factor kl and the second collection factor k2 are calculated 
during the specific steady state only once before fte engine is stopped. 

[0038] Although in the embodiment, die electronic actuator 3a is employed as 
a device of the variable valve actuation system f<nr the intake valve 3, the ^ectronic 
acmator 3a naay be replaced by a hychraulic actuator. With such actoatois* it is not easy 

15 to change the amount of lift of the intake valve 3. bi order to reduce the open valve 

duration of the intake valve 3 and slightly change the amount of lifk of the intake valve 3 
for control of the amount of intake air in that case, it is appropriate to use a variable 
valve actuation system in uiiich a cam having an indined surface with respect to an axis 
of the camshaft is provided and the position of contact of die cam with the intake valve 

2D is changed by moving the camshaft in the directions of the axis, ft is also possible to 
change only the amount of lift of the intake valve 3 in order to control the amount of 
intake air. 

[0039] According to the above-described embodiment, if the target intake 
pipe pressure is not reached, the degree of opening of the throttle valve 11 is changed. 
2 5 Furthermore, if the taiget amount of intake air is not reached, the open valve duration of 
the intake valve 3 is changed. However, these operations may be switched as follows. 
That is, if the taiget intake pipe pressure is not reached, the open valve duration of the 




intake valve 3 is changed, and if ihe taiget amount of intake air is not reached^ the 
degree of opening of the throttle valve 1 1 is changed. 

[0040] Furthermore, according to the above^escribed embodincient, if at least 
one of the first correction factor kl and the second conection factor k2 is outside the 
common threshold value raxi^e (a to 3), it is determined that there is an abnonnalior. 
However, it is also possible to set different threshold value ranges for the two correcticni 
factors. Still fuither, if the target intake pipe pressure is not reached, the degree of 
opening of the throttle valve or the open valve duration of the intake valve is changed. 
In this occasion, the degree of tipening of the throtde valve or the open valve duiaiion of 
tbe intake valve noay be coTrected with a guaid such that tl(3» correction factor calculated 
in this case will not become outside a threshold value range that is narrows tban the 
threshold value range used for the determination regarding abnormality. 

[0041] In a control method for an internal combustion engine having a 
variable valve actuation system according to the above-described embodiment of the 
invration, if during a specific steady operation state, the actual intake pipe pressure is 
different from a target intake pipe pressure set^during the specific steady operation state, 
a first cQirection amount for one of a throttle valve control value and a variable valve 
control value is calculated by dhanging the one of the throttle valve control value and 
the variable valve control value so that the actual intake pipe pressure becomes equal to 
the taiget intake pipe pressure. If at this time the actual amount of intake air is still 
different from a target amount of intake air set during the specific steady operation state, 
a second correction amount for another one of the throttle valve control value and the 
variable valve control value is calculated by changing the anodier one of the throttle 
valve control value and the variable valve control value so that the actual amount of 
intake air becomes equal to die target amount of intake air. The second correction 
amount is used to further correct one of the throttle valve control value and the variable 
valve control value corrected by the first correction amount. Therefore, due to the 



coirection by tbe first conection amount and the second correction amount, the degree 
of opening of the throttle valve and at least one of the open valve duration of the intake 
valve and the amount of lift of the intake valve are controUed to their respective target 
values so as to achieve the tai«et amount of intake air. Thus, it becomes possible to 
accurately control tihe amount of intake air. 



